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X, V, VIII r XI, XII, XIII and inhibitore such a© protein 
c, antithrombin III, etc,) fibronectln, immunogXobuline 
(inanunoglobulins G, A, M, D and E) and the complement 
coiuponentB* There are currently more than 100 plasjoa 
proteins that have been described. A comprehensive 
lieting can be found in "The Plasma Proteine", ed. Putnam, 
F.W., Academic Press, New York (1975). 

Proteins found in the blood cell fraction include 
nerooglobin, f ihroneotin, fibrinogen, exjiymes of 
carbohydrate and protein metabolism, etc* In addition the 
synthesis of other proteins can be induced, such as 
interferons and growth factors. 

Plasma can be chemically fractionated to provide 
albinain or plasma protein fraction. Factor VIII 
concentrate, Factor IX complex and immune serum globulin. 

Blood plasma fractionation generally involves the uee 
of organic solvents such as ethanol, ether and 
polyethylene glycol at low temperatures and at controlled 
pH values to affect precipitation of a particular fraction 
containing one or more plasma proteins. The resultant 
supernatant can itself then be precipitated and so on 
until the desired degree of fractionation is attained. 
More recently, separations are baaed on chromatographic 
processes. A survey of blood fractionation appears in 
KirK^othmer's Encyclopedia of Chemical Technology, Third 
Edition, Interscienoe Publishers, Volume 4, pages 25 to 
62. 

The major components of a cold ethanol fractionation 
of blood plasma are as follows: 



Fraction 



I 



Proteins 

fibrinogen; cold insoluble globulin; 
Factor VIII y properdin. 
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igc? igu; igA, fH,rinogen; beta- 
lipoprotein; proi^roinbHiy plasminogen, 
Plaamin inhibitor; Factor V; Factor 
VII ; Factor IX; Factor X; thrombin ; 
antithronbin; iBoaggmtinina ; 
oeruloplasmin/ complement C'l, c'3 
alpha-i-ilpoprotein, cermopiaemin,' 
plaemin-inhibitor; Factor ix? 
peptidase; alpha and beta-globulins, 
transferrin; thyroxine binding 
globulin; eerum esterase; alpha-i- 
lipoprotein? albumin; alJcaline 
phosphatase. 

albumin; alpha-globulin, 
alpha-l-aoid glycoprotein; albumin. 



The above fractionation scheme can serve as a 
ZZT^^ ^"-ionations. Fraction ii Z\ll%T^ 

.^:r:;ob\^ii:^x^T: ?r'°"^^" ^» ^-^^^ 

antibodies ^ ' Primarily of ige 



25 



30 
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Another fractionation scheiae involves use o^ i=>- 
plasma which is tliau**^ «ivu4.ves use of frozen 

ifiG, puricy AHF and non-aggregated 

In the development of „ew products f«.™ v, 
at least three major problems are always Hl^r' 
are contamination with t>vrocT««« / t Present. These 

Viral ^epatitisTcS^rXrdlT'"'^' transmission 
Of the coagulation enzymes!^ " activation 
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solutione of pnarraacBUtical oompoeitionB wHich are 
intended to be parenterally ad^ninietered in man (or in 
veterinary appUcations) are required to ^^-^^^^ 
from infective microorganism such as bacteria and funga. 

5 A common method ie to BUbject the oompoeition to steam 

sterilization (autoolaving) at teaperaturee in excess of 
lOO-c at hyperbaric pressures for a time sufficient to be 
effloaciouB. This treatment IcllXs viruses but can be 
deleterious or destructive to certain heat-sensitive 

10 compositions such as those which contain proteinaceous 

components such as coagulation Factors VIII, IX, II, VII, 
X, and the like. 

pyrogens are Upopolysaccharides (LPS) derived from 
15 the outer cell wall of Gram-negative bacteria. They are 

toxic materials which are also known as endotoxins to . 
distinguish them from toxic substances synthesized and 
excreted by the intact bacterium. Pyrogens have numerous 
biologic activities which include the production of fever, 
20 activation of clotting mechanisms and induction of shock. 

conseguently, in addition to the need for sterility from 
infectious agents, it is easential that pyrogenio 
substances be removed and that the causative bacteria be 
rendered innocuous by sterilization or other such 
25 treatment of the final plasma product- 

Blood coagulation factors play a vital role in the 
noraal coagulation ^lechanism. For instance, patients with 
a deficiency of Factor IX exhibit severe bleeding problems 
30 CHemophilia B) . It would be desirable to be able to 

Isolate substantial quantities of Factor IX and other 
vitamin K-dependent proteins for therapeutic 
administration, as well as for scientific study. 

35 Factor IX complex is a lyophilized pooled plasma 

derivative rich in Factors IV, VII, IX and X. It is an 
alternative to plasma therapy. It supplies vitamin K- 
dependent clotting factors in a much smaller volume than 
plasma but with a significantly higher hepatitis risk. 
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Factor IX containing concentrates are a unique and 
highly valuable Wood product Uhtcti are life-saving „ben 
UBed to control bleeding in patients suffering vith Factor 
IX deficiency (Hemopbilia B) . Tbeee produote have al^o 
S been used to treat tbose patients afflicted with 

Hemophilia A having inbibitorB, although clinical 
verification of this application is still in progress. 
Factor IX containing concentrates are also used to arrest 
serxous hemorrhages or to avert operative and post 
operative bleeding in patiente vith other congenital 
clotting factor deficiencies and for multiple factor 

Tl Z7, 'T"' ""^^'^^ warfarin-type drugs, 

i.e. , oral anticoagulants. 

IS conimercial concentrates of Factor IX have been 

Vitamin K-dependent clotting factors and separate these 

20 concentrates are then eluted from the 

resin and vialed for therapeutic use without further 
«^ fr!"'""' concentrates tend to have thrombogenic 

potential probably because they contain extraneous v!!"i^ 

~r t""" '"'^^""^ Phospholipia. 
ITSe V T"''"*'^^ ^ ™S.sctea vehicle 

in the transmission of viral diseases including hepatitis 

«nTVT"' ^^^"^ '^-^ 

crude concentrates of Factor ix are not stable for lone 

periods in solution and therefore cannot be used for 
constant infusion therapy which limits their value in 
30 chronic repiaoemeht therapy. 

reco»bx„an^ HKX appro..* j,,,, frustrated »3y t:ne 

difficulty encountered in separating Factor ix fr^ 

aaiie, h. , Altenburger, w., Eljcaim, R. , 
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Dott, K. , fife ai.. , "Active Gaauna-oarljojcylated eluinan Factor 
IX Sxpressed Uein? Hecoiobinant DNA XeahnlgueB", Ka-hure , 
1985, 316:268-270; and Busby, S., Kuaar, A., Joseph, M. , 
Halfpap, L. , Insley M. , efe ai- r "Expression of Active 
5 Human Factor IX in Tranef acted Cells", Nature . 1985, 

316:271-273). ThUB, there remains a medical need for a 
safe preparation of Factor IX obtained from human plasma. 



Humeroua attempts have been made to inactivate 
10 viruses such as lipid-containlng viruses of hepatitis B 

virus (HBV) and human immunodeficiency virus (HIV) in 
isammalian, aspaciaiiy human, blood plasma, it is the 
practice in some countries to effect inactivation of the 
hepatitis B virus in the blood plasma by contacting the 
15 plasma with a viral inactivating agent of the type which 

crosslinks with the proteinaceous protein of hepatitis B 
virus or which interacts with the nucleic acid of the 
virus. For instance, it is Icnown to attempt to inactivate 
hepatitis B virus by contact with an aldehyde <such as 
20 formaldehyde) whereby crosslinJcing to the protein is 

affected and the hepatitis B virus is inactivated, it is 
also known to effect inactivation of the virus by contact 
with beta-propiolactono (BPI.) , an agent which acts on the 
nucleic acid as well as protein components of the virus. 
25 It is further tojown to use ultraviolet (uv) light, 

especially after a bata-proplolactone treatment. It is 
believed that these methods are not suitable for the 
inactivation of the virus in plasma due to the observation 
that most of these inactivating agents (formaldehyde, 
beta-propiolactone and sodium hypochlorite) denatured or 
altered the valuable proteinaceous components of the 
plasma, especially so-called "labile" blood coagulation 
factors of the plasma. 



30 



35 



The removal of bacteria and fungi from such heat- 
sensitive proteinaceous compositions is generally 
accomplished by the use of a bacterially retentive filter. 
Typical examples are the membrane filters in the porosity 
range of 0.1 - 0.2 microns (100-200 nanometers) produced 
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by Pan corporation and KiUipore Corporation. Generally, 
the protexnaceouB cowponants In the pharttacautical 
co^uposition remain undamaged. However, it known that 
^e^braxaa mters can fail to retain highly infectious and 
dangerous nu-oroorganisne such as virus particles. Filter 
devices can be deeig^ed to retain some virus particles if 

: ^ --^^ 

Eu^ dev^es have sometl^B been us.ed to harvest viral 
particles e.g., during the ,nanufacture of viral vaccines, 
M03t Viral particles, however, are .„.iier in size tha^ 
the effective porosity of the membrane fixter and are not 
retained. For example, the hepatitis B vlru^, which may 

ILZTT r^^'^'^" ^^r. 

plasma, has a diameter of 42 nanometers (nm) and win 
readily pass through a loo nm (o.i micron) membrane 
fx Iter • 



It is well-know, that plasma products made from 
virar^'' t^-P-titlB. initially, interest in 

Viral transmission focused primarily on hepatitis b 
antxgen (HB,Ag, as an indicator of the presence of the 
Offending agent (hepatitis B virus) and attempts at 

alHlL'mr Widespread screening of 

It. ^^^^^^-^i-^-*^ by commercially available 

s^re^nir:: -^^^ -'^ laboratory 

IZl^tT T decreased the incidence of 

hepatitis B xn patients receiving whole blood 
transfusions, there has not been significant improvement 

nr Tl^'' ^^"^ ''"^^^^ transmitted from plasma 

30 products. Chronic users of blood products are at risk 

inlir: ''^^ "^'^^^ ^^^"^^"^ - ixa^^ne LI by 
inoculatxon with a vaccine. «hile effective, this may 
have other clinical ^i.Jce associated with it ill I 

3B pTJip^ttiin":: 7-^-'- — P«::durrr^ 
Lvet:t:o-^^^^^^^ 

some evidence that thr. -"t^-accxviry. There xs 

j.««ice tnar the coabxnation of ultraviolci^ 

^iL'TL'i^^"^"^ "-^^ ^^^^^"^ ^ in.::i:at::g'^r 

vxrus in certaxn plasma products. However, there is some 
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apprehension the B-proptolactone hae carcinogenic 
properties • 

In ordar to increase the safety of pharmaceutical 
compositions which contain heat-eensitive proteinaceous 
coiqponante and which may contain dangeroue viruB 
particles, additional proceeding ie required. This 
processing includes heating solutions of the proteixiaceous 
components with special BtoOsilizers to protect biologic 
potency, heating lyophilized preparations of the 
proteinaceous components and treating solutions of 
proteinaceous components with organic soiveirtB aiid othez^ 
viraoidal agents, Host of these methods are tourdeneome^ 
time consuming, or des-bructive of the protein due to the 
rigorousness of the treatment, adhere are still questions 
about the efficacy of any one of these procedures applied 
singly to plasma products* 

While the development of screening tests for 
hepatitis B has been of limited value in reducing 
transmission of the disease the identification of this 
virus (as well as the hepatitis A virus) has led to the 
recognition of a third virus which is apparently 
responsible for the majority of cases of hepatitis 
transmitted by blood plasma derivatives. This virus is 
referred to as wnon-A, non-B hepatitis virus. 

Methods for the inactlvation of hepatitis B virus in 
the plasma are known but are usually impractical. One 
method involves the addition of antibodies to the plasma 
whereby an immune complex is formed. The expense of 
antibody formation and purification add significantly to 
the cost of the plasma production; furthermore, there is 
no assurance that a sufficient quantity of non-A, non-B 
virus is Inactivated since the method is specific for the 
hepatitis B virus. There is currently no approved and 
available test for non-A, non-B antibodies or virus, 
though there are reports of progress in achieving this; 
hence, it is not as yet possible to select plasma 
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confcaining high titerB of anti non-A, non-B antibody, nor 
indicate that this approach wotad be practicsabie. 

Ab progress has been made in the development of human 
5 plasma derived therapeutics, the necessity of viral 

sterilization has become manifest. Stable plasma protein 
solutions can withstand pasteurization but labile blood 
coagulation factors are most often inactivated or 
significantly reduced in potency during such heating. 

10 This restriote practical applications. As a result, 

recipients of Factor VIII, gamma-globulin, Factor IX, 
fibrinogen, etc., must often accept the risk that ±im 
valuable protein components being administered may be 
contaminated with hepatitis viruses as well as other 

15 Infectious viruses. As a result, these recipients face 

the danger of becoming infected by these viruses and 
having to endure the damage which the virus causes to 
organ systems and consequent incapacitation and illness 
which may lead to death. Therefore, there is a need for a 

20 more effective yet practicable method for purification of 

the heat-sensitive plasma, specifically a method for viral 
sterilization without the use of heat. 

Thus a very special need exists for the development 
25 of means and methods for the manufacture and isolation of 

highly purified Factor IX which can thereafter be 
formulated into a potent, quick-acting, therapeutic blood 
product which is stable in vitro and which provides 
effective relief for patients encountering a critical 
30 bleeding incident. 

The present invention is directed to achieving three 
goaip, namely, (i) a safe, (2) viral inactivated protein- 
containing composition, (3) without incurring substantial 
protein denaturation- These three goals are not 
necessarily compatible since, for example sterilization 
inactivates viral infeotivity but substantially denatures 
the valuable plasma proteins, beta-propiolactone 
inactivates viral infeotivity but is unsafe and substances 



35 
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Bucli as formaldehyde inactivate viruseG but also 
eubstantially denature the valuable plasma proteins, for 
example, Factor IX. 

5 It is therefore desirable to provide a process for 

obtaining protein-oontaining compositions ii*ioh does not 
substantially denature the valuable protein components 
therein and which does not entail the use of proven 
carcinogenic agents (such as B-propiolactone) . Kore 

10 speolfioally, it is desirable to provide blood protein 

containing compositions In which substantially all of the 
hepatitis virusoe and other viruses present are- 
inactivated. It Is a further object to provide products 
from cancer or normal cells or from fermentation processes 

15 of cells following given insertion of recombinant DNA 

which are substantially free of virus, including lipid- 
containing viruses, which comprise a category containing 
known infective agents of plasma. 



20 



30 



35 



gUWMARY OF THTC TUVl^TTn^ 



It has now been discovered that when a protein- 
containing composition, such as whole blood, blood cell 
proteins, blood plasma, a blood plasma fractionation 
25 precipitate, a blood plasma fractionation supernatant, 

cryopreoipitate, cryosuparnatant, or portion or derivative 
thereof or serum [or a non-blood product produced from 
normal or cancerous cells (e.g. via recombinant DNA 
technology) ] is contacted with a chemical disinfectant for 
a sufficient period of time, viruses (such as the 
hepatitis virus or the human Immunodeficiency virus (HIV) ) 
present in a pharmaceutic composition, are virtually 
entirely inactivated without denaturatlon of proteins 
therein. A combination of chemical and physical means 
applied to a blood protein mljcturo or concentrate thereof 
or fraction thereof provides a safe, viral free protein- 
containing composition without denaturatlon of the 
protein. 
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TJiB presen-b invention provides a higmy efficsacious 
combina-fcion of oJieinioal and physical means for rendering a 
blood product, wbieh contains labile blood proteins and 
viruses, free of viruses, preferably without Inourxing 
5 protein denaturation. Tbe present invention relates 

generally to blood component therapy and more particularly 
to unique means azid methods of purifying Factor IX from 
prothrombin complex concentrates or other sources of 
Pactor IX including culture supernatants containing Factor 
10 IX from recombinant DNA technology. 

Tho process CQmprioos the steps of: 

(a) mixing the blood product with an effective 
amount of a chemical disinfectant, 
preferably a selected chemical disinfectant 
which does not denature the protein in the 
blood product, and a buffer; 

(b) allowing the miscttire to stand for a time 
sufficient to inactivate eubstantially all 
of the viruses; 

(c) if desirable, removing the chemical 
disinfectant; and 

(d) physically removing the inactivated and 
ac=tive viruses from the blood product. 



20 



25 



Preferably, the chemical procsessing step is carried 
out on a previously purified blood product. For example, 
the purification and chemical treatment may comprise the 
3 0 following steps: 



(a) 



35 (b) 



chromatographing the blood product on a 
monoclonal antibody affinity matrix to 
purify it; 

eluting the chromatographed blood product 
from the monoclonal affinity matrix with a 
selected chemical disinfectant in a buffer 
or eluting with a non-disinfectant. 
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alternate eluding agent followed by 
addition at a obemioal disinfectant; 

(c) allowing tixe aluted mixtiire to stand for a 
time sufficient to inactivate substantially 

5 all of the virus; 

(d) if desirable f separating the chemical 
disinfectant from the active blood product 
by dialysis? and 

(e) physically removing the inactivated and 
10 active viruses from the blood product. 

By such procedures there is provided a blood protein- 
containing composition free of viruses, without protein 
dGnat^^ration- As used herein, blood protein containing 
15 compositions include blood cell derivatives (e.g. , 

hemoglobin, alpha-- interferon, a?-cell growth factor, 
platelet-derived growth factor, etc. , plasminogen 
activator, blood plasma, blood plasma fraction^ blood 
plasma precipitate (e«g. , cryoprecipitate, ethanol 

2 0 precipitate or polyethylene glycol precipitate)^ or 

supernatant (e.g., cryosupernatant , ethanol supernatant or 
polyethylene glycol supernatant) . Blood protein 
containing compositions are characterized by the presence 
of one or more labile blood proteins such as Factor IX, 

The above methods are particularly useful for 
pharmaceutical compositions containing vitamin K-dspendent 
proteins, Including Factor II, Factor VTI, Factor IX, 
Factor X, prothrombin, Protein c. Protein S and the like, 
30 especially a purified Factor IX solution having a high 

specific activity. The labile blood proteins may also 
comprise an antibody against infectious hepatitis or an 
antibody against human immunodeficiency virus • 

3 5 The process of the present invention surpasses prior 

processes in providing a combination of high yield of the 
desired protein with high purity and particularly with 
relatively low contamination by other clotting factors. 
The present Invention provides an easy to manage and 
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eeonomicax combination of chemical and physical means so 
as to provide an eaey to use final formulation. The 
present invention also avoids unnecessary and expensive 
purification manipulations and produces an easy to use 
5 final formulation that is substantially free of risk. 

PBTMt.FP PT!RPRTPTTQW ni? THE TmrPKfT»T OH 

The present process is directed to the inactlvation 
and removal of viruses in virus -contaminated protein- 
containing compositions, particularly those that contain 
blood proteins such as, for example, prothrombin complex 
f Factors II, VII, XX and XJ and eryoprecipitate (Factors I 
and VIII) . It is also concerned with sera containing one 
or more blood proteins, with blood protein-containing 
fractions containing at leact on blood protein such as the 
Factor II, Factor vii, Factor ix, Factor x, fibrinogen and 
an immune Globulin (e.g. igo, igM, etc.), and with cell 
lysates or proteins induced in blood cells. More 
particularly, it is directed to inaotivation and removal 
o£ lipid-eontaining viruses and preferentially 
inactivation and removal of hepatitis B and non-X, non-B 
Viruses, other viruses inaotivated and removed by the 
present process include, for example, cytomegaloviruses, 
Epstein Barr viruses, lactic dehydrogenase viruses, herpes 
group Viruses, rhabdoviruses , leukoviruses , myxoviruses; 
alphavxruses, arboviruses (group b) , paramyxoviruses, 
~(^^"' """^"'^''^^^ i-unodeficiency 

of a f ^^^^^'^ ^^'^^^^ inactivates and removes viruses 

and vxruses, wxthout incurring protein denaturatL. it 
comprises the steps of j 

(a) chromatographing the blood product on a 

monoclonal antibody affinity matrix- 
(h) eluting the chromatographed blood product 
from the monoclonal antibody affinity 



20 



25 



30 



35 
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ma-trlx with an effective ajaount of a 
selected chezoical disinfectant ? 

(c) allowing the eluted mixture to stand for a 
period of tiiOB and at a particular 

5 temperature sufficient to inactivate 

substantially all of the virus; 

(d) if desirable r separating the chemical 
disinfectant from the active blood product 
by dialysis; and 

10 (e) physically removing the inactivated and 

active viruses from the blood product. 



The chemical disinfectant can be selected from agents 
]cnown to substantially inactivate lipid-containing 
15 viruses, such as organic solvent/ detergent combinations , 

or from a list of agents with less specificity for virus 
-type, such as sodium thiocyanate. 

Sodium thiocyanate is the preferred chemical 
20 disinfectant for use in the present invention and is 

employed in an amount between about 0.5H and about 6M, 
preferably between about 0.5K and about 2M and more 
preferably between about 1,5M and 2H. 



25 The physical means for removing the inactivated and 

active viruses from the blood product is selected from the 
group consisting of ultrafiltration, ultracentrlfugation 
and electrophoresis. The preferred physical means is 
ultrafiltration. 

30 

There are alternate methods for rendering a blood 
product free of viruses in addition to the preferred 
method of the invention. The first alternate method uses 
the chemical means only, without utilizing the physical 
35 means. Such method comprises contacting the impure blood 

protein with a chemical disinfectant only. The second 
alternate method uses the physical means first followed by 
inactivation with a chemical disinfectant and then 
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op-^ionally using a physical means to reaava both 
Inactivated and active viruses. 

A third alternate aetbod comprises the steps of: 

5 

(a) chrojoatcgraphing the blood product on a 
laonoclonal antibody affinity roatrlx to 
purify it I 

(b) eluting the chroxnatographed blood product 
from the monoclonal affinity matrix with a 
selected chemical disinfectant? 

(c) omitting further contact xd-th the chemical 
disinfectant; and 

(d) separating the inactivated and active 
viruses by physical means so as to recover 
the purified, active blood product. 

A fourth alternate method comprises the steps of: 

chromatographing the blood product on a 
monoclonal antibody affinity matrix to 
purify it; 

(b) eluting with a non-disinfectant eluting 
agent followed by addition of a chemical 
disinfectant; 

(c) allowing the eluted mixture to stand for a 
time sufficient to inactivate substantially 
all of the virus? and 

(d) optionally physically removing the 
inactivated and active viruses from the 
blood product. 

Treatment of blood protein-containing compositions 
with a chemical disinfectant is carried out at a 
35 temperature of about 4 to 25*c, preferably Contact 

of the chemical disinfectant with the blood protein- 
containing compositions is for about l to 2.5 hours, 
preferably at least i hour. 



30 
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Normally, after the cbemioal txeatanent, the chemical 
disinfectant is removed, although such is not necessary in 
all instances depending upon the nature of the virus 
inactivating agents and the intended further processing of 
5 the hlood pleisma protein-containing composition • 

in a most preferred embodiment of the present 
invention, the blood product is purified by 
chromatographic separation on a monoclonal antibody 

lo affinity matrix, then treated with sodium thiocyanate, for 

a time sufficient to kill the virus, and then 
ultraf ilterod at least once using a membrane having a pwe 
size effective to retain the virus, e.g», an exclusion 
limit of about 100,000 Daltons^ and a pressure sufficient 

15 to maintain an adequate flow rate, e.g., about 5 p.s.i- 

When the blood product (the example used here is 
Factor IX) is pre-purif ied by chromatography on a 
monoclonal antibody affinity matrix, specific activities 
20 as high as 190 units/mg of protein can be obtained. The 

sodium thiocyanate treatment can be conveniently carried 
out by using a sodium thiocyanate solution to elute the 
composition from the matrix and then allowing the mixture 
to stand for a time sufficient to Jcill the virus • 

25 

Each of these steps, i.e., pre-purif ication, chemical 
sterilization, and retentive filtration is very effective 
in reducing viral infectivity. When used together, a 
viTTU&'^afe ultraf iltrate should be obtained* 

30 Substantially incomplete viruses, or viral components may 

or may not be effectively removed depending on their 
molecular weight and diameter? however, such incomplete or 
defective particles would not be expected to be infectious 
in the host. Additional purification of Factor XX may be 

35 achieved, if desired, by chromatography on amino^bexyl 

sepbarose. 

Of immediate but not exclusive interest is 
coagulation Factor IX, a phamaaceutical composition useful 
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for the treatqai^t of Hemophilia B. Factor IX, whicix has a 
molecular weight of lees than 100 K PaltonB is a memher of 
the family of vitamin K-dependant coagulation factors, 
which include Factor 11^ Factor VII, Factor X, Protein 
5 Protein s and the like whose molecular siae is in the 

range of 60-70 K Daltons. Coagulation factors , euch as 
Factor IX, are prepared from human plasma and may be 
contaminated with a number of potentially infective and 
dangerous viruses « The virus particles of major concern 

10 are hepatitis B virus and HIV, which have diameters of 42 

and 100 nanometers (nm) , respectively. As will be shown, 
tho diameter of these virus particles is such that 
lUtraf iltration through either a XH300 or XHIOO membrane 
will effectively remove them from a Factor IX coagulation 

15 factor or other pharmaceutical products. From present 

knowledge, it would also be an expected characteristic of 
hepatitis non^A and non^3 virus. 



The present process permits the preparation of blood 
20 product derivatives such as Factor viii, gamma globulin, 

Factor IX or the prothrombin complex (Factors II, vil, ix 
and X) , fibrinogen and any other blood derivatives with 
characteristics suited to these specifications, all of 
which contain little or no residual infective hepatitis or 
25 other viruses « 



By the same manipulative steps discussed above, 
viruses present in products of nortnal or cancerous cells 
can be inactivated while retaining labile protein activity 
in such products. For instance, by the same chemical 
inactivation treatment one can inactivate products 
produced using normal or cancer cells, the exudate from 
normal or cancerous cells, hybridomas and products 
produced by gene splicing. Such treatment does not 
substantially adversely affect the desired protein. Cells 
used for production of desire protein can, of course, be 
mammalian as well as non-^mammalian cells. 
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The present Invent-ion may l^e embodied in o-bber 
specific forms without departing from the spirit or 
essential attril^utes thereof* 



METHODS FOR ESTIMATTNG THE EFFTCACY OF THE 



The size of macromoiecules Including proteins is roost 
often defined and referred to hy the weight of the 
molecule in mass units. A molecule with a wei^t of looo 
10 Daltons (IK Dalton) may also be descrihed hy the statement 

that 1 mole of the pure molecule will weigh lOOO grams. 
(For this application it is more convenient to refer to 
the physical dimensions of the protein molecules rather 
that their molecular weight.) 

15 

Protein molecules are linear chains of aovalently 
bonded amino acids. Xn solution^ these chains coil and 
refold in specific ways, and when visualized hy 
appropriate techniques are seen to be compact spheres, 

20 ellipsoids^ rods or fibers. The science of predicting the 

shape of individual molecular species is formative, but 
the shape can be determined by known physical methods. 
Until a strong deviation is determined by precise 
measurem^t and the impact of this accounted for, the 

25 practitioner assumes that the shape of the siolecule is a 

sphere* If the molecular sl^e by weight in Daltons is 
determined by known techniques and if the compactness 
(density) of the protein folding is available, calculation 
of the molecular dimensions of a spherical particle can be 

30 determined by simple geometry « Based on accumulated 

measurements it is known that the particle densities of 
protein molecules vary and can be distinctive for each 
protein. The variance, however, is not generally great 
and an average or typical value may be used without great 

35 error. This is usually expressed as the partial specific 

volume (S^) which is the reciprocal f density. A typical 
specific volume for proteins is 0,75 cc/gm. Thus, for the 
examples that follow, a protein molecule of molecular 
weight 100,000 Daltons, using the definition of the unit 
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of Dal-tons^ weighs XO^gm per 6.D23 x 10^ moleculee of the 
protein. Using the nominal partial specific volume of 
0.75 cc/gm, the volume occupied by a single molecule of 
thie protein is 0.1245 x 10"'^ cubic centimeters. Prom the 
5 formula for the volume of a sphere, a diameter of 6.2 

nanometers (nm) for the protein is calculated. An 
ultrafiltration membrane with an exclusion limit of 
lOOiOQO Dal tons should theoretically remove virus 
particles with diameters in excess of 6.2 nm from a 
10 pharmaceutic composition of components lees than 100, ooo 

Daltons in molecular weight. 

Many experimenters worldng to elucidate methods for 
HIV virus reduction have often used (as virum inoculum) 

15 the supernatant tissue culture medium from cultured cells 

known to be infected with virus. These media do not have 
the same chemical composition as that which is being 
processed to test virus reduction^ Most of the media, in 
factr contain as much as 10% of fetal bovine serum as a 

20 nutritional groxrtih supplement. When directly used to 

inoculate the purification/processing system, the 
investigator is forced to conclude either that (a) any 
effect of the added t^issue culture components is minimized 
by the use of a small inoculum to process system ratio, 

25 say. Is 10 by example, or (b) the effect of the added 

components can, in any circumstance, be ignored^ Either 
of these conclusions is unacceptable when this approach 
can be reasonably avoided* 



There are further technical (and experimental design) 
objections to the use of cell culture media as direct 
sources of infective HIV. Infected tissue culture cells 
are known (in general) to produce titers of infective 
virus (in the supernatant growth media) of lo^ to lo^ tciDs^ 
(50% infectious dose in tissue culture assay) , Most 
reports indicate the lower end of this range is more usual 
than the higher. All assay systems used to detect and 
measure infective titer will have a lower limit of 
detection sensitivity. By definition of tJle TciDjo assay 
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cowroonly used for viruses which are not plaque forming, 
the lowest positive essay is 1 TCIPgo per volume of assay 
sample. In the application used, and depending on the 
volume of test material assayed, the eensitivity of any 
5 investigator's assay could vary from less than lo" to lo^ 

ID50 per »1 of test sample, (Other types of assay systeas 
have been described for HIV. Many published reports show 
less sensitivity. By oomparison to the above, a 
sensitivity limit equivalent to 10^ JD^ per ml of assay 
10 sample is not uncommon for alternate assay methods) . 

Coneidor than, the available limits of demonstration 
for the effectiveness of viral reduction mechanisms , If 

the source iDoculuro were no more tlian a titer of XO - XO 
15 and the inoouluro volume were i:10 of the test process 

composition, the initial virus titer for the reduction 
experiment would be no higher than XO* - xo^. Depending on 
the care used in the seXeotion of an assay system, a final 
virus titer seen as "undetectahle" oould contain as much 
20 as xo^ infective virus. Properly expressed (without 

improper emphasis that the non-detectahXe was potentiaXXy 
0) the reduction which can be demonstrated is no more than 

10^ to 10^ IDgQ. 

25 Herein, a different course of design and action has 

been chosen to demonstrate that the present virus 
reduction is far more potent that those demonstrated by 
others. It was originaXly estimated (Petricciani, 
et al, , "Case for ConcXuding That Heat Treated r Licensed r 

30 Antihemophilic Factor is Free from HTLV-III", iancet 11: 

B90-89X, X985) (Note: HTLV-JII « HIV-1) that a safety 
margin for the preparation of blood products coiad be 
measured against the concept of a «»worBt case" scenario. 
In the worse case, clotting factor concentrates could have 

35 viral titers of 2 x 10^ (approximately 5-5 Xog^j,) if no 

viraX reduction treatment was empXoyed. Statist icaX 
treatment of this estimate would suggest a much higher 
safety limit is needed if the patient is to receive 2 x 10^ 
doses, or nearly so, in a lifetime since clotting factors 
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chronic use drugs « Thus, as one group of exaxaples, 
tha reducrblons cited for model virus studies as described 
in U«S. Pa-bent No. 4^764,369 Neurat:h^ ^ ^« r U.S. 
Patent No. 4,540,573 to Neurath^ fil- ^ and U.S. Patent 
No« 4,820,805 to Neuratb, ^* , ttiB discloBures of which 
are incorporated by reference, (all of which are 
loarginally demonstrative of the desired Bafety margin 
cited by Petricciani* efe aiO are insufficient to 
demonstrate the higher safety margin necessitated by 
chronic use. In our case, the HIV virus is partially 
purified axui concentrated by ultracentrifugation to be 
substantially free of tissue culture media components. 
The virus is suspended in a buffer composition selected to 
be compatible vith the processing fluids under study. 
There is no chemical perturbation (other than virue) which 
would render the present experiments suspect for 
comparison to the practiced art of the process. A 
concentrate titer of 10''° - 10^^ lOg^ per ml is obtained. 
This art is readily applied to other viruses such as those 
described in U.S. patent No. 4,764,369 to Neurath, et ai . , 
U.S* Patent No. 4,540,573 to Neurath, e£ ^« r and U.S. 
Patent No, 4,820,805 to Neuratb, fit al* 

This careful antecedent to the experimental design 
25 still presents experimental limitations. If any step in a 

multi-step virus reduction process is so remarkably 
effective as to reduce the virus titers to this much 
higher limit (even with an assay system that is sensitive 
to less than 10°) , the total effectiveness of the multi- 
30 step system cannot be studied in a single experiment. 

Ideally, for the best scientific design 1 the initial titer 
measured prior to conducting a single processing step 
should be high enough that residual virus is present after 
the processing step. Thus a well defined increment of 
35 reduction can be stipulated- If the residual titer is 

irisufficient to challenge a subsequent step and again 
assure residual virus at the end of that step, a defined 
limit for the second step cannot be stipulated. In this 
coitibined process, each of the two processing steps 
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provides reduction of titer eesentiaXXy equivalent to the 
roaximuiu that can be reaeonabXy achieved, even with the 
added caution of using an extraordinarily enriched virus 
concentrate. In our HIV experiraents , the initial titers 
5 used for our laboratory demonstration of virus reduction 

potential, are many log,o in excasa of what could be 
expected from the accidental oontaiulnation of the protein 
campoBitione during actual practice of preparing 
therapeutic preparations. (C.F, petriccianir etai-)- 
10 This demonstrates a wide margin of safety in the practice 

of this invention and allows for the extra margin of 
safety raquired by statistical analysis of chronic drug 
use. 



xs Thus the combined numerical reduction of two 

sequential reduction steps when each, independently, is at 
the limit of our ability to meaeure effectiveness, cannot 
be specified, but the applied redundancy of virus 
reduction mechanisms of high efficacy can be predicted. 
In other arts, such as electronics, the concept of 
redundancy is used to increase levele of assurance of 
fail-safe operation during use, This concept has not been 
previously recognized for the assurance of safety from 
virus transmission in plasma protein therapeutics. 



20 



25 



pemoval of virus b y altraf iltration 



30 A purified Factor IX was obtained from PRDTHAR'* by 

chromatography on a monoclonal antibody affinity matrix 
specific to Factor IX. It contained approximately 0.065 
milligrams of protein and S units of Factor IX activity 
per milliliter of solution. The purified preparation was 

35 ultraf iltered using an Amicon XH300 membrane and a 

pressure of 5 p.s.i. The ultrafiltration proceeded very 
irapidly (about 2*5 ml/min) ■ The filtrate was subsequently 
re-filtered through an Amicon XMIOO membrane. The Factor 
IX activity in the final ultraf iltrate was 67%. Xxjsses 
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were not the result of Pacstor IX Inacrtivatlon since 
specific activity was tuialtared. 

5 

Part A - PT-eparation of A Virus Stac^ 

A Virus stock concentrate was prepared by infecting 
CEM cells at a raultiplielty of infection of approximately 
10 1. The cultures were established in 490 can' Coming roller 

bottles containing approximately 450 ml of rphx 1640 
medium suffiolent as is suppieiaented with 10* fetal bovine 
serum, penicillin, streptomycin, and o.ooa mg/jnl 
polybrene. The iiiaxiroujn cell density achieved in the 
IS cultures after four days of infection was x x lo* cells/ai, 

at which time the cultures were diluted by half with fresh 
medium. The total volume of the cultures was 18 oo jnl. 
Xncubation was continued for three more days when 
extensive cytopathology was observed. The cultures were 
filtered through a 1.2 cellulose acetate filter. Virus 
was palleted from the filtrate by centrifugation at 6i,oao 
X g for 4 hours at 4"C. "Phe pelleted virus was 
resuspended with PBS (phosphate buffered saline) Bolution. 
The stock contained more than ID log,^ iDj^ per ml. 



Part; B - Tngotivation of vims hv wasew 



Factor IX was eluted from a monoclonal antibody 
affinity matrix with 3M NascN and subsequently desalted 
30 with Sephadex GlO. One milliliter of the above HIV stocX 

was mixed with 20 ml of Factor IX solution, and 2 ml of 
the resulting mixture was added to varying amounts of 6K 
sodium thlocyanate (Kascii) and buffer (o.Oi H THlS-HCl and 
0.02 M EDTA, pH B.O), as shown in Table ll, to achieve the 
appropriate NaSCN concentration: 



35 



Received from < 919 420 2260 > at S/29f02 4:46:39 PM [Eastern DayGght Time] 



MAY. -29' 02 (WED) 17:05 



ALSTON & BIRD 



TEL:919 420 2260 



WO 90/15613 



B 
C 

o 



^ NaSCN 
1.00 ml 

2.00 ml 
1.35 ml 



-2S- 



l«oo ml 
0.65 ml 
0,00 ml 
0.65 ml 



PCr/US90/033S5 



FINAI« KaSCK 

CoyCENTRATTON 

1.5 
2.0 
3.0 
2.0 



10 Samples B and C were allowed t:o 6l;and for 1 hour 

at 4'C and sample D was allowed to atiand for 1 hour at 
25 -c. Each Dample was then oentrifuged at 105,000 k g for 
90 minuter. Tho. pellete were resuspended In 1 ml PBS and 
aBsayed for HZV by direct ohservation of the cytopathlc 

15 effects of the vlru^ on CEH cells. The assay method used 

in this example Inherently rounds off titer to the nearest 
0.5 log increment. The results are shown in Table III. 



20 



25 



30 



A 
B 
C 
D 



(found) 



1,0 

1.0 

1.0 
1.0 



(due to treatment) 

8.0 
fi.O 
8.0 
8.0 



35 



(Initial virus titer for each sample, prior to treatment 
was 9 log„) . 

The results show that the sodium thiooyanate 
treatment inactivated a logs of HIV, They further show 
that concentrations of above 1-5 were not more effective, 
that the use of a buffer was not required (see Sample C) 
and that treatment at both 4'C and 25 •C was effective. 



EXAMPLE 3 



Part A - Preparation of A virus gtoe^c 
40 A virus stock concentrate was prepared by infecting 

CEM cells as a multiplicity of infection of approximately 
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1. The cultures ware established In 4dO em^ earning roller 
bottles containing approxljnately 450 ml of SPHZ 1640 
medium sufficient as is supplemented with 10% fetal bovine 
serum, penicillin, streptomycin and 0.002 mg/al polybrene. 
5 The maximum cell density achieved in the culturee after 

four days of infection was 1 x 10* celie/ml, at which time 
the cultures were diluted by half with fresh medium. The 
total volume of the cultures was 1800 ml. Incubation was 
continued for three more days when asctensive cytopathology 

10 was observed. The cultures were filtered through a X.2 /iM 

cellulose acetate filter. Virus was pelleted from the 
filtrate by csentrifugation at ci,ooo x g for 4 hours at 
4°C. The pelleted virus was resuspended with PBS 
(phosphate buffered saline) solution. The stock oontatned 

15 more that 11 log^^ XH^^ per ml. 

£ an^ P - Removal of ViruB by Tnt r rafill.i>a<.4»» 



20 



Five milliliters of HIV stock (HiV = Human 
immunodeficiency virus, lAV - i strain) were added to 45 
ml of affinity purified and Sephadex GlO - desalted Factor 
IX solution. The mixture vna poured into an Amieon 
stirred cell (18 o ml capacity) outfitted with a XMIOQ 
membrane (6.2 nm pore diameter) and ultrafiltered nearly 
25 to dryness. The unit was subsequently washed three times 

with 0.05 M sodium chloride (Haci) , o.oos n histidine, pa 
7.0, yielding a total of 12 ml of wash. The starting 
material, the Factor IX-containing ultrafiltrate and the 
residual wash were assayed for HIV. 



30 



2S 



The results in Table iv show that ultrafiltration of 
a mixture containing I1.7 logs of Hiv virus resulted in a 
Factor Ix-c=ontaining ultrafiltrate where HIV infectlvlty 
was reduced to 0.5 log, a reduction of 11,2 logs. 
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starting Material 
(HIV virus prior 
to ultrafiltration) 

Residual Wa^h 

Ultrafiltrate 
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a?able IV 

TOTAL 
11.7 



10.1 
0.5 



1.6 
11.2 



15 BXftMPT^ 4 

Removal of Virus by iDltraf iltration 

20 This example sbovs that preeaure ultrafiltration of 

reconstituted PROTHAR* yielded an ultrafiltrate of low 
activity. The product covered by this registered 
tradeioark of Arinour Pharsnaceutical is a stable lyopbilized 
concentrate of human Factors II, VII, IX and X. It is 

25 prepared from pooled hwnan plasma. Upon reconstitution it 

is a concentrated protein solution containing 
approximately 18 milligrams of total protein and 3 3 units 
of Factor IX activity per milliliter. The epeoif ic 
activity of Factor IX in the product ranges from 0,8 - 2*0 

30 units per milligram of total protein. 



Part A - Me nbrane With cut-Off of 100 K Daltona 

In the first run, PROTHAR* was diluted i:i with o,05 
35 M TRIS-HCl, pH B.O. The resultant solution was 

ultrafiltered through an Amioon XMIOO membrane (molecular 
weight cut-off of lOO K Daltone) using a presstire of 15 
p-s.i. The ultrafiltration proceeded very slowly (about 
0.25 ml/min) , and the flow rate slowed as the protein 
40 inside the stirred cell became more concentrated. Only 

about 1% of the Factor IX activity found in the starting 
material appeared in the ultrafiltrate- Repetition of 
this experiment with a 1:6 initial dilution of the 
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reconatituted PHOTHAR* and pressure of 5 p.s-i. gave an 
ultraflltraHe wltii a siioilar low Factor XX actAvity. 
Factor rx activity, in this and all other instances^ is 
assayed by determining the degree of aorrection in APTT 
B tijne of Factor IX - deficient plasma. J.H. lienahan, 

Phillips and Phillips, clin« Chem. , Vol. 12, page 269 
(1966) « 



The results show that although Factor IX has a 
10 ttioleoular weight of only 60-70 K Daltons, it did not 

ultrafilter to a significant extent through a mejnbrane 
vhoso porosity should have allowed its passage into the 
ultrafiltrate* A reasonable explanation is based on the 
phenomenon known as membrane polarisation. Protein 
15 rejected (retained), by the membrane, if not immediately 

mixed bacjc into the main body of the solution being 
filtered, is concentrated into a thin solution layer at 
the membrane surface. The layer may become so 
concentrated that it becomes "gelatinous" and constitutes 
20 a new form of membrane overlying that in use. The 

properties of this protein membrane are generally highly 
distinct from those of a mechanical membrane with a much 
lower porosity. 

25 part p " Hembrc^nft With Cut-Off of 3o o y Paitoj^fi 

Subsequent eacperiments were performed using an Amicon 
XM300 membrane (molecular weight cut-off of 3 00 K 
Daltone), pressures of 5 p.s.i., and reconstituted 

3 0 PROTHAR® dilutions of 1:6 and 1:10. only about 17-1D% of 

the Factor IX activity was foimd in the ultra filtrate. 
The addition to the solution to be ultrafiltered of 0-i% 
Tween 80 (a surfactant) did not improve the results. In 
all instances, the ultrafiltered Factor IX showed only a 6 

35 to a -fold purification over the starting material. 

The results show that the separation was only 
moderately successful with the more porous membrane. 
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The results show that while ultrafiltration can be 
succe&efully used to further treat an affinity-purified 
Factor IX solution, it ie not equally practical in 
obtaining a high yield of Factor XX from less pure 
5 starting material. 

Alternative Chemical Disinfectants 
10 and Monoclonal Antibody Purification 

A Factor XX concentrate solution containing about 1-3 
units of Factor JX per mg of protein is initially 
contacted with sindbls virus to a final titer of 8-9 log^g 

15 TCjDjo and thereafter brought into contact with o.i* trl{n- 

butyl) phosphate and 1% Tween 80 (detergent) as described 
in U.S. Patent No. 4^764,369 to Neurath, et ai. , the 
disclosure of which is incoirporated by reference, it is 
expected that Slndbis virus infectivity will be reduced by 

20 more than 4 lag,o of virus and that active Factor IX 

content will bo in esccess of 80% of the initial value. 

This eolvent/detergent treated Factor XX solution is 
contacted with a monoclonal antibody as described in U.S. 

25 Patent No. 4,786^726 to Smith, the disclosure of which is 

hereby incorporated by reference. It is expected that a 
purified solution of Factor IX will be obtained. It is 
further expected that this solution will be further 
depleted of infectious Sindbis virus by reason of the 

30 purification obtained, and that the titer of virus will be 

undetectable * 

The Factor IX solution obtained is further contacted 
with HIV virus to obtain a final titer of a-9 log^p of 
35 virus. The protein content is adjusted to about 0.025 to 

0.065 mg of protein per milliliter. The resulting 
solution is flit red through a membrane with an effective 
porosity equivalent to lOO kd molecular weight cut-off. 
It is expected that from 80-ioo% of the Factor IX will be 
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reoovered and tbat HIV virus titer wUX be reduced to an 
undeteotatole Xevei. 

The Factor IX solution ie concentrated to a potency 
5 of about loo International units per ml and dialyzed 

against a buffer consisting of 0.066 H sodium chloride 
(Naci), o,Qi K hlstidine, 3% mannitol, pH 7.0 +/- 0.2. 
When performed without the addition of exogenous test 
virus, this material is eterile filtered (o.i micron 
lo filter) and lyophlllzed to obtain a product suitable for 

pharmaceutic use. 



15 



EXAMPr.Tg It 

MtematR Weans of ftpp l vincr Chem ical n^«^>,f f,^■K.,4. 



A Factor IX concentrate solution containing about i-3 
units of Factor IX per mg of protein ie contacted with the 
monoclonal antibody described in U.S. Patent uo. 4,786,726 

20 to smith. Purified Factor ix is eluted from the 

monoclonal antibody with a chaotropio agent such as edta 
(ethylenediaminstetraacetio acid) . It is expected that 
the Factor ix solution obtained will contain purified 
Factor IX of high specific activity and that the yield 

25 will be 80-lO0%. 

The Factor IX solution obtained is further contacted 
with HIV virus to Obtain a final titer of 8-9 log,, of 
. virus. Sodium thiocyanate ie added to the Factor IX-mv 
mxxture so that the final concentration of NaflCN is about 
1.5 M and the Factor ix-Bttv mixture is allowed to stand at 
a temperature of between 4 -c and 25- c for a period of time 
from 1 to 2.5 hours, it is expected that Factor IX 
potency will not be affected by the disinfectant treatment 
and that the titer of mv infectivity will be reduced to 
undetectable levels. 

The solution is then dialyzed to remove the chemical 
dxsinfectant and then filtered through a membrane with an 
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effective porosity ecfuivalenfc to 100 KD molecular weight 
cut-off. It is expected that 80-100% of the Factor IX 
activity will be recovered and that the HIV titer will be 
further reduced. It ie aleo expected that inaonplete or 
5 altered viral particles will be removed from the Factor IX 

solution by the filtration. 

The Factor IX eolution is concentrated to a potency 
of about IQD International Units per ml and dialyzed 

10 against a buffer consisting of 0.O66 H sodium chloride 

(Naci) , 0.01 M histidine, 3% mannitol, pH 7.0 V 0.2, 
When performed without the addition of OKogenous test 
virus ^ this solution is sterile filtered (0,1 micron 
filter) and lyophilized to obtain a product suitahle for 

15 pharmaceutical use. 

While specific embodiments of the invention have t>een 
shown and described/ it should be apparent that many 
modifications can be made thereto without departing from 
20 the spirit and scope of the .invention. • Accordingly r the 

invention is not limited by the foregoing description. 



Received from < 919 420 2260 > at 5/29/02 4:46:39 PM [Eastern Daylight Tm] 



JAY. -29' 02 (WED) 17:08 ALSTON & BIRD TEL:919 420 2260 P. 045 



PCr/US90/033S5 

-32- 

WHAT IS ClAIMED IS: 

1. A process for inactivating viruses in a biood 
product, which con^iriBes contacting said blood product, 

5 which contains labile blood proteins and viruBes, with an 

effective amount of a chenical disinfectant, which does 
not denature proteins, for a period of tiroe and at a 
temperature euffioient to inactivate substantially all of 
the viruses. 

10 

2. h process for rendering a blood product, which 
contains labile blood proteins and viruses, free of 
inactivated and active viruses, which comprises s 

contacting said blood product with an 
effective amount of a chemical 
disinfectant, which does not denature 
proteins, for a period of time and at a 
temperature sufficient to inactivate 
substantially all of the viruses; and 
(b] separating said inactivated ad active 

viruses from said blood product by physical 
means . 

3- A process according to claim 2, further 
comprising the step of dialyzing said blood product from 
step (a) to remove said chemical disinfectant before 
separating said inactivated and active viruses - 

^° 4. A process for rendering a blood product, which 

contains labile blood proteins and viruses, free of 
inactivated and active viruses, which comprises; 



20 



3S 



(a) chromatographing said blood product on a 
monoclonal antibody affinity matrix; 
eluting the chromatographed blood product 
from the monoclonal antibody affinity 
matrix with an effective amount of a 
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ohemicaX die Infect ant* whlcjx does not 
denature proteins; ajid 

(c) allowing the eluted mixture to etand for a 
period of time and at a temperature 

5 sufficient to inactivate substantially all 

of the viruses . 

5. A process according to Claim 4, further 
comprising; 

10 

(d) separating said inactivated and active 
virusos from said blood product by physical 
means . 

15 6, A procssB according to Claim 5, further 

comprising the step of dialyzing said blood product from 
st:ep (c) to remove said chemical disinf ectant before 
separating said inactivated and active viruses. 

20 7. A process for rendering a blood product, which 

contains labile blood proteins and viruses/ free of 
inactivated and active viruses, which comprises: 

(a) chromatographing said blood product on a 
25 monoclonal antibody affinity matrix to 

purify it; 

(b) eluting the chromatographed blood product 
from the monoclonal antibody affinity 
matrix with a non-disinfectant eluting 

30 agent; 

(c) adding an effeo-tlve ajaount of a chemical 
disinfectant, which does not denature 
proteins; and 

(d) allowing the eluted mixture to stand for a 
35 period of time and at a temperature 

sufficient to inactivate substantially all 
of the viruses. 
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8. A process according to Claim 7 further 
con^rlBing: 



(e) separating said inactivatea or active 

viruses from said blood product hy physical 
means. 



9. A process for rendering a blood product, which 
contains labile blood proteins and viruses, substantially 
free of viruses, which comprieee removing substantially 
all viruses from said blood product by physical means. 

10, A process according to Claim 9 further 
comprising the step of contacting said blood product with 
an effective amount of a chemical disinfectant, which does 
not denature proteins, for a period of time and at a 
temperature, sufficient to Inactivate substantially all of 
the viruses. 



11. A process according to Claim xo, further 
comprising the step of separating said inactivated and 
active viruses from said blood product by physical means. 

12. A process according to Claims 6 or s, further 
comprising removing said inactivated and active viruses 
from said blood product by chromatography on amino-hexyl 
fiepharose. 



30 



35 



13. A process according to claims i, 2, 4, 7, or 9, 
wherein said blood product is selected from the group 
consisting of blood plasma, a plasma concentrate, a 
precipitate from any fractionation of such plasma, a 
supernatant from any fractionation of said plasma^ a 
serum, a cryoprecipitate, a cell lysate and proteins 
induced in blood cells, and said labile blood protein - 
selected from the group consisting of fibrinogen, cold' 
xnsoluble globulin, properdin, IgG, igM, IgA, beta 
lipoprotein, plasmin- inhibit r. Factor V, thrombin, 
antithrombin, isoaggultinins, eeruloplasmin, prothrombin. 



IS 
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alpha- 1-lipoprote in, peptidase, transferrin, tnyroxine 
binding globulin, sanm esterase, alkaline phosphates, 
alpha-l-acia glycoprotein. Factor ll, Factor VII, Factor 
VIII, Factor IX, Factor X, Factor XIII, iianmnoglobuliiis, 

5 prealbumin, retinoi-binding protein, albumin, alpha- 

globuline, Protein C, Protein 6, beta-globulins, gamma- 
globulins, Factor III, the complament components, 
fibronaetin, antithrombin III, hemoglobin, interferon, T- 
ceii growth factor, plasminogen activator, an antibody 

.0 against infectious hepatitis and an antibody against human 

immunodeficiency virus. 



14. A process according to Claims X, 2, 4, 7 or 9, 
wherein said virus is a lipid-containing virus selected 
from the group consisting of hepatitis B (HBV) and human 
immunodeficiency virus (HIV) ^ 

15. A process according to claims i, 2, 4 or 7, 
wherein said chemical disinfectant is an agent known to 
substantially inactivate said viruses, and is an organic 
solvent/detergent combination or sodium thiocyanate. 

16. A process according to Claim 15, wherein said 
chemical disinfectant is sodium thiocyanate. 

17. A process according to Claim lO, wherein said 
chemical disinfectant is an agent known to substantially 
inactivate said viruses, and is an organic 
solvent/detergent combination or sodium thiocyanate. 

18. A process according to claim 17, where said 
chemical disinfactant is sodium thiocyanate. 

19. A process according to Claims 2 or 9, wherein 
said physical means is selected from the group consisting 
of ultrafiltration, ultracentrifugation and 
eloctropboresis . 
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20. A proceas according to CUaim 19^ wherein said 
physical means is ultrafiltration. 



21. A process according to Claims 5, 8 or 11, 
wherein said physical means is selected from the group 
consisting of ultrafiltration, ultracentrifugatlon and 
elBctrophoresis . 

22. A process according to claim 21, wherein said 
physical means ie latraf iltration. 

23. A proceee according to claim 13^ wherein said 
labile blood protein is selected from the group of 
vitamin-K dependent proteins consisting of Factor ix 
Factor X, Factor II, Factor Vlli, prothrombin, Protein C 
and Protein S- 



24- A process according to claim 13, wherein said 
labile blood protein oomprises an antibody against 
infectious hepatitis or an antibody against human 
immunodeficiency virus. 

25. A purified blood product having a Factor IX 
activity of about so^lSO units per ml, which is free of 
inactivated and active viruses and which is prepared by 
the method of claims 3, 6, s or li* 
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